Objective: To evaluate the relative importance of smoking duration vs intensity in reducing the risk of Parkinson disease (PD).
METHODS Study population and PD case identification. The NIH-AARP DH cohort was assembled in 1995-1996 by the National Cancer Institute to investigate the roles of diet and lifestyle in cancer etiology. 6 The cohort comprised 566,402 AARP members (ages 50 -71) from 6 US states and 2 metropolitan areas who completed a comprehensive survey on diet and lifestyle. 6 From 2004 to 2006, a follow-up survey was conducted among surviving participants to update lifestyle exposure and to ascertain the occurrence of major chronic diseases, including PD. A total of 318,261 participants (187,499 men and 130,762 women) responded to the follow-up survey and were thus eligible for the current study. The follow-up questionnaire asked participants whether they had been diagnosed by a doctor with PD and the year of diagnosis in the following categories: before 1985, 1985-1994, 1995-1999, or after 2000 . A total of 2,432 participants reported a PD diagnosis on the follow-up questionnaire. As the baseline survey was in 1995-1996, we excluded from our analyses 459 cases who reported a PD diagnosis before 1995. We further excluded 293 self-reported cases whose diagnosis was later denied either by patients themselves or by their treating physicians in our diagnostic confirmation effort as described below and 18 cases who had missing information on smoking. Of those who did not report a PD diagnosis, we excluded 12,023 participants with missing data on smoking (n ϭ 4,053) or PD status (n ϭ 7,970). After these exclusions, we had a total of 1,662 self-reported PD cases diagnosed in or after 1995 and 303,806 participants without PD in the primary analyses.
As part of an effort to collect saliva samples from surviving patients with PD for genetic research, we began in 2007 to validate the self-reported PD diagnosis in this cohort. We asked surviving self-reported cases for permission to contact their treating neurologists, and then asked the neurologists either to complete a diagnostic questionnaire or to send us a copy of the patient's medical records. The questionnaire collects information on PD cardinal signs (rest tremor, rigidity, bradykinesia, and postural instability), response to dopaminergic treatments, and clinical features that may corroborate a PD diagnosis or suggest an alternative diagnosis. The medical records were reviewed and abstracted by a movement disorder specialist of the research team (X.H.). A case was confirmed if the diagnosis was considered clinically definitive or probable by the treating neurologist, or if the medical record included a final PD diagnosis or evidence of 2 or more cardinal signs with one being rest tremor or bradykinesia, a progressive course, responsiveness to dopaminergic treatments, and absence of features that suggest an alternative diagnosis. This protocol has been successfully implemented in other large cohorts. 7, 8 To date, we have received a total of 1,069 responses from physicians and 940 (87.9%) PD diagnoses were confirmed; 129 (12.1%) diagnoses were denied due to uncertainty (n ϭ 62) or misdiagnosis (n ϭ 67).
Exposure assessment.
On the baseline questionnaire, we asked participants whether they had ever smoked more than 100 cigarettes during their lifetime. We asked ever smokers the typical number of cigarettes smoked per day and their current smoking status and asked former smokers the number of years since they last smoked. The follow-up questionnaire further ascertained the numbers of cigarettes smoked per day by 5-year age periods from Ͻ15 to 25-29 and then by 10-year age periods from 30 -39 to 70 years or older. Using information from both the baseline and follow-up questionnaires, we reconstructed the following variables for our analyses: age at first smoking; age at last smoking; total years of smoking; typical number of cigarettes smoked per day; total pack-years of smoking; and, for past smok-ers, years since last smoking. In addition to smoking, the baseline survey collected information on age, sex, and race as well as information on coffee and other caffeinated drinks as part of a food frequency questionnaire. 6 Statistical analysis. We estimated odds ratios (OR) and 95% confidence intervals (CI) from unconditional logistic regression models. Lifetime smoking information was categorized in as much detail as sample sizes allowed: typical number of cigarettes smoked per day (1-10, 11-20, 21-30, 31-40, and Ͼ40), duration (years, 1-9, 10 -19, 20 -29, 30 -39, and Ն40), pack-years (1-9, 10 -19, 20 -29, 30 -39, 40 -49, and Ն50), and years since last smoked (past smokers only, Ն35, 30 -34, 20 -29, 10 -19, 5-9, and 1-4). As almost all smokers (92.7%) started smoking in their late teens or early 20s and this cohort had a narrow age distribution, there was little variation in smoking duration among current smokers. Therefore, we limited analyses involving smoking duration to past smokers. Analyses were conducted first among all participants and then by gender, adjusting for age (in 5-year groups), race (non-Hispanic Caucasians vs others), caffeine intake (in quintiles), and gender (when appropriate). To evaluate the relative importance of duration vs intensity of smoking in past smokers, we included both variables simultaneously in the regression model. We also categorized past smokers according to combinations of years of smoking and number of cigarettes smoked per day to examine whether years of smoking was related to PD risk at fixed smoking intensities and vice versa. We tested the significance of linear trends by including the median of each exposure category as a continuous variable in the regression model.
To examine whether participants with and without PD had different smoking behavior in early life, we first calculated the proportion of smokers during each lifetime period up to age 50 -59 according to whether they were diagnosed with PD after 1995. We then calculated the average number of cigarettes smoked per day at each age period for smokers with and without PD. Finally, we examined the average number of cigarettes smoked per day at each age period in relation to future PD risk, with and without adjusting for years of smoking. All statistical analyses were conducted using SAS software (Version 9.1, Cary, NC) and the significance tests were 2-tailed with ␣ ϭ 0.05.
Standard protocol approvals, registrations, and patient consents.
Participants consented to the study by returning survey questionnaires. The study protocol was approved by the Institutional Review Board of the National Institute of Environmental Health Sciences and the Special Studies Institutional Review Board of the National Cancer Institute. Table 1 shows the population characteristics according to PD diagnosis after 1995. Compared with those without PD, PD cases were older at baseline, were more likely to be male, were less likely to be current smokers, and had less caffeine intake. Among ever smokers, more than 67.7% had tried cigarettes before age 20, and 92.7% had started smoking by age 25. The distribution of age at the initiation of smoking was similar between PD cases and noncases. Among past smokers, participants who later developed PD were more likely to quit at earlier ages than those who remained PD free: the proportions of quitters were 26.8% vs 24.0% before age 30, 25 .9% vs 24.9% before age 40, 21.7% vs 24.1% before age 50, and 25.6% vs 27.0% after age 50.
RESULTS
Compared with never smokers, the multivariate ORs were 0.78 for past smokers and 0.56 for baseline current smokers (table 2) . Among past smokers, we observed a monotonic trend toward lower PD risk with more cigarettes smoked per day, longer years of smoking, fewer years since quitting, and more packyears of smoking. In reference to never smokers, the multivariate ORs for the highest exposed category was 0.54 ( p for trend Ͻ 0.0001) for years of smoking and 0.56 ( p for trend Ͻ 0.0001) for years since last smoking as compared with 0.61 ( p for trend ϭ 0.01) for the number of cigarettes smoked per day.
When the model contained both duration and intensity simultaneously, the number of cigarettes smoked per day was no longer significantly associated with PD risk, whereas the risk estimates for years of smoking were barely changed. Compared with never smokers, the ORs were 0.94 for past smokers who smoked 1-10 cigarettes/day, 0.92 for 11-20 cigarettes/day, 0.94 for 21-30 cigarettes/day, 0.91 for 31-40 cigarettes/day, and 0.79 (95% CI 0.59 -1.04) for Ͼ40 cigarettes/day ( p for trend ϭ 0.3). The ORs for years of smoking, on the other hand, were 0.94 for 1-9 years, 0.76 for 10 -19 years, 0.74 for 20 -29 years, 0.66 for 30 -39 years, and 0.54 (95% CI 0.42-0.69) for Ն40 years ( p for trend Ͻ0.0001). We found similar patterns when we compared years since last smoking with typical number of cigarettes smoked per year (data not shown).
Current smokers represented only 9.8% of the study population at the baseline survey. Whereas current smokers at baseline had lower PD risk than never smokers, no further risk reduction was evident for more cigarettes smoked per day (table 2). The numbers of cases became too small to provide stable estimates for current smokers with more than 30 cigarettes per day.
As expected, in both men and women, there were proportionally fewer smokers in each life period among individuals who later developed PD than among those who remained PD free (figure e-1 on the Neurology ® Web site at www.neurology.org). On the other hand, there was little difference in the number of cigarettes smoked per day among smokers by later PD status (figure e-2). Starting from earlier 20s, being a smoker in each of the life periods was associated with a lower PD risk (table 3) ; however, those smoking more than 20 cigarettes per day did not have a lower risk of PD than participants smoking less. Further analyses suggested that these associations were largely explained by smoking duration (table 3) .
Finally, we examined the joint associations of intensity and duration of smoking in relation to PD risk among past smokers (figure). In general, within each level of smoking intensity, longer duration tended to be associated with lower odds of having PD. Conversely, the typical number of cigarettes smoked per day was not related to the PD risk in most of the duration categories. We obtained similar results when we analyzed years since last smoking in conjunction with intensity (data not shown).
DISCUSSION
Characterizing the smoking-PD relationship and understanding its nature are of great scientific and clinical importance, yet few epidemiologic studies have had large sample sizes and sufficient smoking information to do so. In the Cancer Prevention Study II Nutrition cohort, Thacker et al. 9 indicated that the number of cigarettes per day, years of smoking, pack-years of smoking, and years since cessation were each associated with PD risk in a doseresponse manner, consistent with results from a larger pooled analysis of 11 US studies. 10 Interestingly, both articles reported lower PD risk even among smokers who quit 2 decades before disease diagnosis. Further, in the Cancer Prevention Study II Nutrition cohort, the authors stated in the text that the association of PD with cigarettes per day lost its significance after adjusting for years of smoking, whereas the association between years of smoking and PD remained after adjusting for smoking intensity. The large sample size and lifetime smoking data of the current study enabled us to examine the smoking-PD relationship in further detail. In addition to the significant dose-response relationships between various smoking indicators and PD risk, we showed that the duration and the recency of smoking were more important than smoking intensity in modulat-ing PD risk. Among past smokers, the lowest risk of PD was observed for participants who smoked the longest or who had quit most recently. Further, the number of cigarettes smoked per day became irrelevant once adjusted for smoking duration or years since last smoking. Finally, a longer smoking duration or fewer years since quitting was generally associated with lower PD risk within strata of smoking intensity, whereas the reverse was not observed. Among current smokers, where there was little variation in smoking duration, the number of cigarettes smoked per day was not related to PD risk.
This study, consistent with previous ones, 9, 10 suggests that patients with PD were less likely than controls to develop habitual smoking in early life or they were able to quit earlier. Further, the overall epidemiologic evidence favors a causal relationship between smoking and PD over several alternatives. Suspicion that this association is related to higher mortality among PD smokers than PD nonsmokers cannot explain results from prospective cohorts, 1, 11, 12 and previous studies found that PD smokers did not have a higher mortality than PD nonsmokers. 13, 14 Reverse causality also is an unlikely explanation because the current work, as well as 2 other recent studies, 9, 10 found lower PD risk even among smokers who had quit 2 decades ago. The other alternative hypothesis suggests that the association is explained either by confounding from common genetic factors or by a low novelty-seeking personality that underlies both avoidance of smoking and a higher PD risk. Genetic factors are unlikely to be a major confounder because smoking was associated with lower PD risk among genetically controlled twins. 2, 15 A link between a risk-adverse or low novelty-seeking personality and PD is primarily based on anecdotal clinical observations and case-control studies. 16, 17 Further, smoking was related to lower PD risk even after controlling for sensation-seeking score. 18 Finally, recent findings on passive smoking, 3 parental smoking, 4 and secular changes in gender ratios on smoking and PD 19 provide novel support for the hypothesis that smoking decreases PD risk.
The robust epidemiologic evidence on smoking and PD has led to experimental efforts to elucidate a biologic basis. 20 The existing animal models, however, may not be mechanistically similar, or at best, capture only a minor aspect of the smoking-PD relationship. 5 This may explain why nicotine has been found to be protective in some animal experiments, but not in others. 20 Most animal PD models have focused on relatively short-term, high-dose protection against cellular damage from exogenous cytotoxicants. The acute pharmacologic effects of nicotine (e.g., effects on dopamine turnover or metabolism) make untangling experimental data diffi- Table 3 Odds ratios (OR) and 95% confidence intervals (CI) of Parkinson disease according to smoking intensity in each life period without and with adjustment for years of smoking cult. Most importantly, results from the current study suggest a chronic long-term effect of tobacco chemicals that may saturate at a low daily dose. If this observation is confirmed, the high-dose, acute administration of tobacco chemicals in laboratory studies should possibly be eschewed for experiments based on low-dose and long-term administration. These findings also have clinical implications as nicotine has been investigated as a neuroprotectant in clinical trials. Small trials using nicotine delivered via patch or chewing gum typically lasted from days to weeks and largely failed to show beneficial effects on PD. [21] [22] [23] [24] [25] The current study suggests that years of smoking (and hence nicotine administration) may be needed for any reduction of PD risk. Further, preliminary epidemiologic studies have shown that smoking was not associated with lower PD mortality 13, 14 or slower clinical progression. 26, 27 Therefore, while it is crucial to understand the smoking-Parkinson relationship, the epidemiologic evidence to date lends little support for the clinical usefulness of nicotine or other cigarette-derived chemicals in PD treatment.
The major limitation of this study is its reliance on self-report for case identification, inevitably leading to diagnostic and reporting errors. We tried to limit the potential impact from this source by excluding from the analysis erroneous reports identified in the ongoing validation study. Further, by contacting patients' neurologists and conducting medical record review, we were able to confirm 88% of the cases whose medical information was available. Another limitation is that we did not have detailed information on the date at onset or date at diagnosis for all PD cases, and thus were unable to estimate the incidence of PD and to conduct time to event analysis. Further, measurement errors of exposure variables were also likely. It is possible that the years of smoking were more reliably recalled than smoking intensity, which might be partially responsible for our finding. The current analyses were limited to participants of the follow-up survey. Because preliminary epidemiologic data suggest that PD smokers and PD nonsmokers have a similar clinical course and mortality, 13, 14, 26, 27 this limitation was unlikely to introduce a substantial bias. Finally, to our knowledge, this is the first study that comprehensively examined the relative importance of smoking duration vs intensity in PD etiology; therefore, the validity and generalizability of this finding should be further examined in future investigations.
As nearly all smokers in this cohort started smoking in their late teens and early 20s, years of smoking and years since last smoking are highly correlated among past smokers. Therefore we were unable to rule out the possibility that our findings on years of smoking were actually due to years from cessation. For the same reason, we were unable to examine directly the potential effects of recent short-term high-dose smoking on PD among individuals who did not smoke in early life. Nonetheless, this large study showed that the duration of smoking was more important than its intensity in reducing PD risk. Although the numerous adverse health effects of cigarette smoking may eventually limit the clinical implications of the epidemiologic findings on smoking and PD, research to reveal the underlying chemicals and mechanisms are warranted.
